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Thin invention relatea to a method and apparatus to.r 
beating a.iv elongated space or a legation cotitcii.ainq an slongutadi 
hr;ator. Kore i?Kxtic.ularly, the invention relatea to ui> * lepT.rf.a* i 
i.-esiBtaiKift heater foe heating nn o Ions* tod suj>t6tr;iRcAn Jsojohola 
AU rfltsa which are different at different depths at the borehole, 

:ct ).r known to l>« bo>jo£i<!iaI to usr» siongatcd heaters 
DUflh $2 well heaters, for heating Intervale of 8ubterranfta.n nartb 
£ ormnU l.on u , plpo Interiors, or other elongatad Bjaces. In various 
srituationa , it is desirable tt> heat such epscea at relatively high 
10 tempe)catuTe& tor relatively' long C . Beneficial reoulta 
obtsluod tiy such heating may include pyroliziog Oil glials 
formations, coWog oi,] to consolidato unconsolidated ro»«rvolx 
£o rotations, eoKing oil to form electrically conductive carbonized, 
tonss capable of operating 5B ftl<sotrortfcB within a rcBcrvoir 
JferiMition, thermally (Jiarlacing hydrocarbons derived from oilB or 
tara into production loeaf-i oris , preventing forRaticti of hvdratau, 
pr*u J.pito tc S, or the like in fluids which aro being produced from 
wells and/or traiwUtted through pipes, or thft tlJta. 

The invnntl&n aitf.3 bo provide a heating apparatus vhich 
20 j.s capable of generating heat at different rates at different 
dspt.UB In a well. 

In accordance with the inventiojj there is provided \n a 
procass in whiah. subterranean earth formations within nn inturvnl 
tnofo than 100 foet long are heated to a tanperature of more than 
b0O°C., ao that heat ia injected imbetantiaLLy uniformly into that 
Interval; ah improvement for constructing and installing a heater 
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tiavinij an el*ntr ical cable heating section which is free o£ ■ 
Kp.l^ces, oOllptiiJiDg; corirftiUt'tiiLtf £uid h»ating cablo cection by 
compressively Hwagiiui at least, one portion of a }un.otiou-tre.e 
elecitr.I.eflJL beating cablft to raduco itu slsui at aald at luaxst orio 
portion, asid cable la at least as long as U\e aarth fiorm&t J.on 
lutecval to he lieat<sd and <3omprlfl>«iJ art axi^ill/ fliitfrj&d, inalisaiuo, 
electrically conductive tore currounded by granylac imitieiral. 
insulation within a metal ahoath. 30 that awaqred portion sanei-ates 
heat at a rate higher than the unavaged portion; correlating the 
10 location 01! said svaoing With tho pattern of heat conductivity In 
the earth formation interval bo that »t. leapt, one oornprefj&ivft.ly 
waged portion of the cfi'ola Lis located aloni? tha cable in a 
position audi that, when the cable iB extended along the liauth 
formation interval, to be h^atod. the sotnpr*s*S.voly sw^siod sorttoti 
is adjacent to a portion of the earth formation interval in which 
die heat nonductlvi ty Lb relfittvolv hiih» connecting ofiid 
selectively swayed heating cable section to at least one power 
supply cfible and spooling the intftreonnec ted cablua; and 
un spooling the Interconnected cafalea into a Kellbore along with a 
20 weight-supporting metal conduit v>bil« pe r locUcaJ iy ar.tac-hl.ng the 
cables to the condulfc and Mfcendinp the cables and conduit to a 
depth at which the con.pre a aive ly swaged portions cif the cahla are 
positioned adjacent to tlia earth iorituitioiifl having a relatively 
hlsti thermal conductivity . 

1'he invention will now be aiepLained In mor* detail wJth 
rafer-once to the accompanying drawings, in chichi 
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Tisrvira I is a thrQe-dimansioiicii i lluatratioil *£ an 
eiectrisaliy conductive r>ahi« oi>jitf,inlu<r staged and unpaged 
portions suitable for use in the 91-eoant invention. 

figure 3 8obeTjiB.tioany Ulurtraws the ineta.iling of an 
oloctrieai leaiatanca heater within the wall in aeoardantro with 
the present Invention . 
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Figure 3 3hcwo a splice between a nKtal-^ahaatfioi! insulated 
pc7>,«L- supply cable and a jnetal-ahrjatl-eid insulated cable suitable as 
a beating element o£ the present invention. 

Figures 4 awd 5 illustrate Gplicoo for clsstricolly intar- 
[5 ccnnscting the conductive corea oi a pair of neta l-"nh«Erthed mineral- 
initiated beating cables suitable us boing cablen ui tne preesn.t 
Invention. 

Figure 6 Bbofc-s on aloctrit'a.l power Bupply oiroaiL suitable for 
use in the present invtstition. 

W preeent invention Is at leant: in part premisicd co a 

discovery that the propsrtios of an electrical oondoutc-r {such aa a 
ffetal-shoathsd solid itatHrjAl-insulated electrically conductive 
cabls containing a single! copper ooro) are sush that results of an 
application of oanpres3iv*j staging to ths outside of the roetal 

15 sheath are transmitted through the insulation tu tho oore o/; Wis 
csb.le in a manner such that ctidh of these oanpanents ore 
substantially siOT.iltai>eojsly reduced iTt errajs-sectiunai area by the 
s«r» relative amounts. The reductions In the cable core croaa- 
flsctianal area can be controlled to cause the swaged portion of tho 

20 cabls to generate a significantly higher etrojnt of heat per unit 

time than <S»fc twbich would have been qttaaetibed without tins swaging, 
avion at a substantially lov<er temperature. 

In a preferred ecrbodtoent of the invention, such ft swaging is 
dctia by a prccass o£ rotacy swaging, amounting to ecwprcssij;g the 

25 cablo with many blazs applied by rotating dies. Itotating swaging 
devioea and techniques are known and ccnnwrcially available. Bucb 
irachiiHH cconcoly contain tioo dies wrrtch reciprocate rapidly as a 
spdtvile in whidi Lhsy aru nounrtod ic rotated. /\ cceiqaresaive rotary 
swaging operation involves a tianrnsring Action which haa this sana 

50 bsmaficial raaberial on sietal aa forging, it produces a desirable 
grain structure resulting in an increased teneilo strength aixJ 
elasticity. The coltl (in tarperaturefr swaging tendB to work harden 
[jpflt Jtetallic materials- If desired, such a hardening ain b2 lA&cte 
mare flexible by annealing. 
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in a rotury SwacjjjVJ operation, the extent bo which the swaged 
material ia reduced in crc«s-ser±icxy)il area can lje controlled Very 
accurately. For esxaupla, slow a metal-ahaathed Eralid matearial- 
insulated coppsr-cor*i alectricaU'^oondurtitfc cable hetwee as a 
r > solid ifatcrial during a rotary swaging c^eraticn, such a coble 

bavitxj a dismoter of treat dOzut 0.69 to 1.25 cm can ba swaged bo a 
reduoed didrfiQtnr with au accuracy cx£ abort pl.ua ar mi-nua 0.OO2S cm. 

figure 1 illustrates swaged and unswaged pc-rfciona of a "cable 
preferred fee- use in the present invention, m tlie cable shew, a 

10 stainloss steel abeath 2 surrounds a mineral insulation 3 

consisting of highly nco^jrassed grains of irsgneaium oxide and a 
noliil conductive core 4 of substantially pare ccpp&r is 
ccncenrtrloally surrounded by the insular-iou aod sheath. In a cab.le 
of the type shewn, where the inner and outor diameters of the 

15 Phsath 2 las* 7.25 aiid 9 mu and thu diairotor of the oox» I ia 3 nrti, 
iu the unswaged portion, the csb.1e may ^aisrata a temperature o± 
about 600 "C when cemductiny 180 oirpentiea of altematir^ current. 
iKwewr, iiv a swaged portion of tJ« cable having a diarae-tor reduced] 
by a tearpesraturE of about 850 a C is gerftrafcad when tho cable 

20 ia oandixjtlngr the saira current in tha same environment. 

In a preferred eahodurent, the present invention can be 
utilised for providing a formation- tailors:} irethed and apparatus 
for unifurmly heating long Intervals, of subterranean car* 
fteosfviona at high temperature. ?ccnrdinc to this Jtethcd 

25 siibterranean interval are. heated with aii electric heatar 

ociita.tiiLng at . least one spjolable; stoel-shw.thai mineral- insulated 
cable having a solid central core of high clecwical conductivity. 
Such a tablu cm\ be arranyei to heat tha earth forma ticne ao that 
haat it transrcLtted into the formations at a substantially uniform 

3D rate, even when the hosting involvea mora than about. 330 vatta per 
aefcre at tEzupafittiiros between about 600 «i>d 1000 a C. The uniftsndry 
of the hent traJlKmib'Sian is ensured by providing the heater with a 
pattern of electrical resistances with depth within the well 
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correlated with the pattern of beat uondiictiv.Uy with depth within 
the siwrrcxindinq earth rorjDRtians . 

Figure 2 shcwu a pr&forred eubndiirent of a si&ll heater of the 
present 1 iwenticn bainy installed ■within a wail. As sihetm, a pair 
5 of selectively swnjj;*3 hnifttcr osb.les v.ith sraigad and unswacjsd 

porticos of: the type sJiewn j.a Figure l are being unsyiooled into a 
»oli frcm spooling means 5 cinci 6 while a support menbar 7, such as 
a wira lino or spoolable metal conduit, is concurrently unspiolod 
into the well f row a spooling ireana (not shewn) . "Bne lower end of 

10 the support ne^ans 7 ig attached bo a motor jk>*ju> 8 ( snrfc sb a 

sinker bar for a vertical well or a etrnprtble or otter kdCctt means 
for a substantially horizontal wW. The lower ends oJ! the heating 
osbl« r tmagei porticos lb, are mechanically attached to a cabLe 
junction or end-conrMictar 9 in v/htch the cenfluntive. ddteb arc 

15 electrically Interconnected (ae shewn in more detail in Vigure 4). 
ttra jtinotion 9 la a\ar> msSjanically connected to the sc^part raenfcer 
7, for ecflropLo by a strapping means 12. lbs lc-war <ands of the cable 
porticos, uhlch swaged for increased hsatir.*j r arc alcctricaily- 
infcercannartad in the erxt connector ? and positioned to GKtCttd 

20 through the zona e&lestad for reooiviivj the increased testing. 

«ia mawagecl portions In of the heattr^ cables, designed fior 
minomal heating along the soma to be heaced, are positioned to 
extcrxS above tbe swaged partiana lb for a distance sufficient to 
reach a zorto which ia cdo.1 enadgh for an ihtcxccnrjecW'On of tlie 

25 heating cable poctiov>R la w'.th powar supply cables 10 by Tirana of 
joints or splices 11 for electrically and madialjleally inter- 
ctjine=tir-g the pewor supplyirjg ar4 beatirjg cables. I bo power supply 
cables 10 ore arranged tor Cfvrcyiivj a selected amount ol crurrent 
while generating only a minim], aracwa of heat. Tba details of. 

30 suitable mechanical and electrical cable connect Lng joints for UbO 
with natal-sheathed minaral-insolattd power 3upplyirg cables cire 
illustrated in Figure 3. 

As tbe boating and pc*er supply cablas 1 and 10 axe run it"tr> 
tha wall, alary with die wight-supporting strand 7, the cables are 
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periodically attached to the striind 7 by usanB of clause or 
strapping oceans 1.2. Such clanipa itrcj arranged for creating * 
friction between ths cablea and strand which is sufficient to 
support the weight of tdve lengths cdc tha cable? which are located 
5 between the claitps. 

Figure 3 illustrates details of preferred arrar^gwentR of 
splices lli fts shewn, the: pewer supply cabis 10 has a metal sheath 
14, such as a copper BheatJl, surrouruliiicj an insulated olecfcricaUy 
coraiuctivH. core 13 Staving a occrbinatictn of croRB-sestianal area and 

ID electrical resistance per unit of length adapting it to carry tha 
cm-rent to be used in the heating operation while generating only 
an ineigni ficunt amount of beat. A» shewn, the power cable aboath 
14 aa well as a pewer cable core .13 sxo larger Chan tha sheath 2 
and core 4 of the unswtgoe* portion erf heating eablo la. Ths 

15 o3n2uctlve ooreg of the cable ar© electrically intHrcxxinect«i, 
preferably by vsJdirjcj. in general, the pewer cable can ccoprise 
substantially any type of electrically conductive cabls which ia 
adequately heat stabJje at the tsrrpsrature generated by the minimum 
heating portion ofi a h&a.tlng cable such aa la. Wliere che itaxinuju 

ko selected tasting tenperaturo is sufficiently low and/or tlie 
distance bahween tha pewsr supply and zene to ba liMltedi is 
adequately short, tha power supply cable can cenpriss* a irotal- 
sJieathed mr^ral-inailatocl soli^-cored cable wtjich is solaotjvel.y 
fr.ragea to provide tic i»lccted hesaft"u:g ten^erahjre sa that no 

25 splices such aa eplioea 11 am nsoded. 

AS 3hOWn in Figure 3, a relatively short *teeve 15, an-jh as "a 
steel ehxvc, is fitted around and waltfod or brated, or otherwises 
irachanically attached, to the aheath 14 of the power cable 10. The 
sleeva 15 is preferably selected to havo an inner dj.airetsr fDtminy 

30 an annular speco bcstwo&n .it and abaatb 2 largo enough to 

acoctitrcdate a shorter steel sleeve 16 fitted around the sheath of 
tf« cable la. In a proiurrcd asseiiKUiig prcoadure, before inaer tiiivj 
the short -sleeve 16, eubBtantisilly all of. the annular ejjj.cG between 
the cable core ranters 4 and 12 arxi elo>*v« 1.5 ia filled with a 
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postered mineral insulating material such as magnesium oxide. The 
inwl.exj.rig material is preferably deposited withlri both hhe annular 
apace Uwcween th& cable cores -and the sleeve 15 us w.U as the 
spaoe between the sleeve IS and the utraath 1 v£ the cable la, and 
f, vibrated to <xirpact the mass of psreicl.es. Sleave 16 c»n tlien fce 
driven Into Ute space between the Slews IS and afteatb 2 oo thar. 
tha toss of miiiera.l intsulating particles if compacted by the 
driving fores, Slocves L5 and IS and sheath 2 are then welded or 
braced togethsr. 

10 Figure «1 illustrates details of an end ccttnojtor or splics 9. 

As shown, cables lb «ira attar/fed through holea in a steel MrsrJc 9 
so that short sectiens lc extend into a cylindrical opening in tlie 
centra], portion of tl>a block. Tivo- electrically conductive vox** of 
tha oabtea are wel<ied together at weld. 17 anS the cable, shoaths are 

1? welded bo block 9 at welda IB. Proicr^bly, the central conductors 

□f the cnblos are sumcnrjdei3 by a hartt stable olectrical insulation 
such as a niiisa of cmpacrsA pcwder&i mineral particles and/or by 
disc? rc£ ceramic materials (not shewn) / after which tha <xntr«l 
opening i3 sealed, for example , by weldlng-nn pderaa of ateal (not 

20 shown). Where the heater is supported, as shewn iti Figure 2, by 
attaching it to an elongated cylindrical structural member' 1, a 
groove 19 Is preterab.l.Y formad along am exterior porticn of end. 
Epiios 5 to mate with the structural rreaubsr and. facilitate the 
attaching rA the Ofld pieoe to that member, ft* GXSirple, hi' a 
strapping nksanfi 12. 

J'igurR 5 shows a preferred type of end connector which 
cl ininates the need for sitting and welding a heater cable tc> form 
a pair r>£ heater cables, such as cables 1.6 > The heater cable La 
siirply tent into a U-turn and cnechaiilcsa.1 ly clan^ad to block 20 by a 

33 fcolbed-cai clamping plate 21. Tbs blooJt 20 is preferably provided 
-*'ith groowe 2J. to facilitatG tha C.lanping of it to a cylindrical 
structural mavtoex su^h as. the cylindrical merabor 1 shown in 
Figure 2. 
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In crcsncral, the pover supplying e],e£TtentB can ccmpriee 
aubetanti&lly any re; or LC sy&ttM capable of causing -a bautor of 
t±a present type rc heat at the selected rela lively high rato. Such 
a beating rata can be abctxt 33-tl w^rtts par mstre or nore. 
5 Ficsure 6 is a diagram of a preferred arran^eensttt at 

alternating current Olectrtoal. P^er supplying eleaeptfi suitable 
for the present typo of heater. This arrange/tent Includes tv;o 
inverse, parallel, silicon-controlled rectifiexB (SCRs) in tha 
circuits of hoth elements of a two-element heater, In such a 
'i0 balMicsd system the heater lugs should b© of. equal resistance 90 
that tha cable- core junction, point A, (within end connector 3) osn 
rarain at 2oro voLta^ie or virtual ground potential. Cihe sheaths of 
the heater cables are connected to tha grounded centre rap of the 
trans&acTvsr sreendary-. Since point A repreoents the welded 

15 cCttnoctioci within the end pisso© 9, the potential difference between 
tho ocnncctlorx arid the housing will Ixa zero for all practical 
purposes, ihsse points cnuld be in electrical contact without any 
conduction ot current, ftt points advancing upward al.cnj the lege of 
the. heater, the potential differeix» between tho Shaaths and the 
20 central «!ftductcr osn increase and finally reach maximums sa 
plus or minut 240 V. 

m various situations in vhicfli an elongated space ia to be 
neated, the in aitu thermal conducticrt troy vary fli<jni.ficor/tly 
within various layers or locations aLougr that apace. A mora hoat 

25 conductive layer will carry off th« hoat generated by a heater 
iaater than a leas conductive layer, fta a result, the temperature 
maintained by an electrical raaistanca lin&ter carrying a given 
•arncimt of current will be Jjowbt opposite u mors conductive layer. 
In situations in which it Is desired to maintain a fjAt or uniform 

20 hBating rate along the space bcJ.rg heated, it ia desdrablo to 

reduce the heater oorei cxQas-sscfcicoal area in or£er to generate 
heat at the aane rate as that In other porticos of the heater whJch 
an? liotter. 
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olostrical rReistaiico heater can be caueud to <jca)orate 
selected heatir/-f rates at different Locati.ana alaig the heater Iry 
installing ha&ter sections oantainlWj canductora af varying crosv- 
aections. '.fte siuaLljcr core or conductor oross-secticnB exhibit nwre 
5 rosistatvcH to thca electrical rani-Hit flew and thua generate test £t 
a rate higher than waU be 9erjcrat»fl by a tuickor core at ths saw? 
ten^arature. Jtr example, it caw heat at a salectecl rats at lo«ar 
temperature existing along & relatively inra hetit cctxSuct.ive layer 
or sCO£: v/ithin tha apace iwir/3 heated, 

\0 Vrra present invention provide? a methcrf of causing a heater 

twirg electrically conductive oaxe which ia continuous and 
innitary to gemoxato constant and/or Selected, saicnnta of heat aLcsvg 
one or a irmltlplicity of different portions of the heater without 
requiring a nultitude of heating cable splices, Particularly whore 

15 tha heating is ta ba oomchssted af. relatively high tesit-eral-nrea fur- 
long tiTres, welding problems and opportunities £or leakage are 
inherent In Niy cutting and splicing of electrical heatirij cabless. 

In rasfect to »\ electrical resistance hsater cotpriaing a 
pair of electrically iutarconr>=K;tsd mat<d-sheafched solid nwtnrlal- 

20 insulates cables each containing a malleable metal elactrically- 

conductive cars, fciar «t3 of rntary switching dies can te arranged 
for yx-oiifllng percentages of <5iairetrical reductions of 6, 12/ 18 
and M in thfc initial overall diameter of oach cable anS its 
canctu-tive uoxa. Ey reducing ore portico of the- oable diameter by 

;; r j 5% arid another by 121, the overall reduction is 9i. By such 

proascJures, the overall i^rosa-soctiona.! reductions for l»th legs of 
the heater can be provided in Oighc steps Of roughly ios &ach. Por 
oxatrple, see ftie fallowing tiiblQ : 
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a such a procedure,, if the dfcwe-deaearibaA praforroo' pcwer 
supply is to be used, it is r*02£sary that each leg of tha heater 
after reductions iu iL3 core diacnBtar have en overall reeiatance 
equalling that of the otter leg after reductions in its coore 
S diameter, this is neo&ssaxy to ensure tho «ero voltage potential of 
Mia inter connect*! conductors in the end piace. 'tfros, it ia 
lisceaBaoy to divide the overall wtenta af electrical core 
reductions evenly war loth langtlw of tha haater. 

Substantially any cccuctesalve svwjlo? procedure which is car 1.3 
10 substantially equivalent to rotary swaging can suitably be lised in 
pwirttsing the present invention, -asajr^les of waging irachinus 
and/or techniques which <7*m cuitably be used ate incliiRiTra o£ dia 
closing awagiag roachil'.M, such as those ittxuif acfiuied -fay The 
lorringtoo CU:npony, or Abbey fleUia to chine Ctaqjany </T Form 
t.5 Manufacturing, etc. 

Ptwer supply cables capebLe of trswsnittiivj the amount of 
current reelected to ba ueod whiio genoratiivj only a relatively 
insignificant amount of baat and bavin?/ sufficient thermal 
stabiUty fw electrical and wxSiwiical attachment to thu motaL 
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i-.heai-lied cable Eoltxjted for generating a tainlflUJO amcunt of heat can 
suitably be used in this invention. Exanpla-s of sc«h oabtea includa 
those ava.il-ab]a as Qicc/Pyrotenac I'll rabies. 

In genera.!, in a situation in which an electrical conductor 
5 r^ad not to insulated, the present Invemtioa ram ba tju-actised %'tch 
substantially any e.Vwfcrical conductor which in continuous and 
unitary (i.a. is a cc<n.t\njicua tody froo of intercom acted ' aagicaiica 
cor .9trar.da> and has a <»re or conductor thictosss (i.e. a cross- 
secfciona.1. area of the- electrically conductive traterlal) vhich ia 

10 different in different locations along the length of the e.lautricsl 
oonductor, Preferred eloctrioal conductors craprise sjwjle 
conductive cores of malleable metals or alloys surrounded by a haat 
stahla eolid insulated raterial witliln a heat atable uotAl idieath 
such aa refractory pewder ex solid fibre insulating materials 

\5 within copper or stcol sheathe. A copper core surrounded by 

povdjered inagrwaiujsi oxide within a rxpper aheftth for U9B at moderato 
temperaturea, or a stainless steel sheath for use at 'tA/fii 
tcxrperaturea, is particularly preCerred, 

In genera]., the present invention can be utilized to initiate 

20 ana maio.te.jxi a substantially uniform sate of lieatirxf alco? n space 
containing at least one. portion having a relatively low rata of 
Iieat conductivity and/or to estahlieh and m&Mtf.5n a relatively 
high rata of haating along selected portions along a space 
- throughout tjhich the rate of heat conductivity Is nearly uniform. 

'JS Ifoe varisticos in hasrt conductivity with distant along an 

eLcnjated path can be determined by means of numerous taara find 
available davicsB and techniques. 

m a particularly prafurrod pnx»dure far utilizing the 
present invention for heating along a path along viiicii the htyit 

30 conductivity is noiV-Wiforra, a selection is roads of the rate of 
heating to be previewed when an electrical conductor having tha 
ccmpceition to ba used is conducting the ancunt of curreot to ba 
used within a hamoganoous medium Iwwinq the* lowest heat 
conductivity to be Bnoounbered a Jew? the path to be heated. The 
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:naxiHiui» thickness for t'ne electrical conductor to ba usfcd is then 
the tti\cicnesa which provides that rata of haativjj in th&t 
situation, 'the thickness of portions of the oundi^stni- to be 
positioned along portions oi +Aw. path which hav*. hacitver beat 
r , L-iDnductlvitles are then Kcdxt tMjmsr to aa axtosnt substantially 
car^^nsating for cha mors Kipld crroS.ucting-awfly of the l"-efa.t by 
those higher boat candutSivities. 

JUterrati'ftili', where it ia desirable to generate heat, at 
reUtiveiy rapid rates along portions Of a path tc he, heated (for 

10 exanple, along tcp and bottom portions of a mib-terrons&h cfirth 
forma Tiim} auch <m arrangement can ba reads, a.Yehcr.igh fchB heut 
conductivity n»y be substantially uniform all along the path to ]>e ■ 
heated. 'Che conductor thickness resistance to be uB=d nkmg 
tflost of tl\e cable corxSuctar stfc se.lecoed, to provide tine gs.l^ctsrf 

15 rate of heating along a hcm=gensous material having the hci&t 

cccductivity aaiincn to aoat of tha Interval to be heartud. Then, f-ha 
((ore rapid heativjg rate alorg aE^tei portion? oi the path can be 
obtained by thinning the portvonfl of tha conductor to be exttniSad 
along those portions of the path. 
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THE &;-(bOD:C>lKnTB OF TE3G INVENTION III WHICH AH EXCLOSIVS 
PROPERTY OK PRIVILEGE IS CLAIMED ARE DBPIHBD A3 J/OLj.OW&s 

'■• I" a procaas in which subterranean earth f cirijiat J.oua 

within an interval more than ion f.e&t long are hoettad to a 
r.e,np«cature &t mora tlian 600°C. , ao that heat is injected 
substantially wni.tavn.ly into that iiit«£VnL, an improvement for 
constructing end -installing a liaatar hsving ait electrical cable 
heating section whloli la free of epliccfc, comvriftinqf > conBtructing- 
a-flid lis&tj.fl^f cs.hl« section by compresB tvely swacjing at. least one 
portion of a jujjotion-tre e elect cical beatlnv «abl<s to rcduca its 
6l2o At 8«ild at least one portion, said cable 1b at least as long 
aa the earth fo.rmat.ion interval to he> heated and fiOmprises ah 
axially *Hqrn«d, m&ilsahls, olsctrically conductive core 
suj-roundoci by granular mineral UneulatiUn within a nets* sheath, 
bo th&t swaged portion g«n«srutes heat at a rate higher than the 
ufts^ajaJ portion; r r e 1 at tncj thn looar.lon of said Rweglng with 
the pattern of heat csnSactivity in tho aarth formation interval 
BO that at L»a»t one comprasaivoly swaged portion of the cable is; 
located along the cable In a po«i«on such th&t, wh*n tho cable in 
extended along tft<s oarth formation interval tD he heatad, the 
cojspraHai valy swaged portion la adjacent to a portion of tlis e&rth 
format- Ion interval in which iha heat conductivity ia ralatively 
hiflrhj connecting aaid selectively swaged heati.!!? cable section to 
at least one power supply cahie nnd b'pooLincr the interconnected 
cables; and unapoollny the interconnected o»M«s into f) w«Llbor<l 
along with a weight- supporting metal conduit vhila periodically 
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antAc-Muq the cables to the conduit, and extending the cables and 
conduit to a dojtli at which the compcensivoiy svaia'ad pcrfci&ns of 
the cable are positioned. adjacent r.o tlis earth toriaauXons ha%'i.og 
ralittvol/ high tharmal conductivity. 
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ISEOTHKG RMS VAKIANT 
E3LCKGOTBD EUXTPTCAL RESISTANCE HEKTER 

an electrical resistance teaeer capable o£ generating teat at 
diffEL-etit Mrtss at diifiarerjb lcmtions a.lCTg ita length cracprises a 
continuous and unitary electrical conductor bavir<j a thickness 
which is different at different locations along its length. 
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